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' Subject: Use of an electronic ccmputer to cbtain flow net... for’
' a channel with 90 into-the-flow offgets

PURPOSE

This study was made to d.evelop [ ccmputer progrezn for evalu.e.tin.g R
an exact mathematicsl expression for fiow in & channel with various
90° into-the-flow offsets. The program would be used to compute

the pressure coefficient, the vertical and horizontel. camponents

of the relative velocity, and the resultant rela.tive velocity a.t

sny point in the channel.

CCNGI-USI(HS

1. An electronic computer can be used effectively to e‘mlua.te an .
. ezmect mathematical relationship for flow in a chammel having 907

;. into-the-flow offsets. The graphical representation of this- ev&‘l.- o T
ustion yielde the deeired flow net A - _

2. The ccmptrbe: program cen be used to obtain the pressure eoef- L,
‘Pleient, the vertical ani horizontel components of the relative
velocity, and the resultant rela.tive velocity at all poimts in

the flow. ¢

3. The flow net can be- used to determine the praper plecenent of o~
measuring stations that are essentially unaffected by the offsets '
and to qualitatively obtain the d.istribution of yressure and

velocity aroumd the ofiset.

INTRODUCTION

Disgrams of- streemlines and velocity potentia.ls » ccnmonl;y called
flow nets, are used to cbtain greater insight into the dynamics
of fluid problems. For instauce, flow -nets have been used quite




successfully to obtain the distribution of pressure on streamlined
struts, as well as predicting the discherge coefficient for flows .
over welrs or under gates. Flow nets have slso been used to deter-
mine the distance that s measwring point must be placed upstream
fram a pler or other flow disturbing element to yield results that
ere essentially free fram the effects of the disturbing elements.

The determination of & flow net is generally asccomplished by means.
of mathematical evaluations of the ccmplex potential of flow,
graphical and relexation techniques, elec jzica.l analogs, mmerical
Integrations, or by Monte Carlo methods. BEmct mathematical
solutions can be derived for certain simple configurations, but -
the exact solution is generally too complex to evaluate in a rea-~
sonable length of time by manual methods. Due to the laborious
procedures that are geperally required to obtain flow nets, the
nets are frequently nct fully utilized in the dynamic anelysis
of fluvid problems. However, the laborisus and time-consuming
part of these methods can be elim:l.nated through the use of elec-
tronic computers. A cwputer can obtain flow nets using any of
the previocusly mentionazd methods with the exception of ‘the gra.:ph-
ical method and the e.Lectrica.l ana.log. = !

An example of the svccessfuly appld uation of electronic ccmputers

to evaluate the mathematical expression for a flow net is found”

in a recent study concerning caviiation. This research stvdy was
conducted by the Hydraulies Bresck:, Burean of Reclamation, and 52
consisted of raising varicuz offset shapes into the flow through
a rectangulaer corduit. The upsiream pressure and the velocity
required to cause cavitation to form at the offsat were observed
and ‘recorded. : ,

The piezameter tap used to d.etemine the upstream pressure vas ©
by necessity located only a short distance upstrezm £rcn the

test section. It was not knowm if this tap was far enough upsiream
to be essentislly free from the effect of the various offsets.
Therefore, a flcow net solution was obtained for the case of a 90°
offeet. The 90° shape was selected because it produces the most
rronounced effect on the upstream measuring station.. The flow net
obtained indicated the magnitude of error that cculd ‘be expected '
in the meamzrauent with various ratios of offset ‘beights to pas-
sage heights. A good correlation with tae flow net solution was
then obtained through an ‘experimental verificetion. The .experi-
mental and analyticel studies indicated thet s flow net could be
used to estimate pressures and velocit:.es in the v:lcinity 0"’ the
offset.

' ‘/Rouse, H., ”Engineering Hydraulics," John Wiley and Sons, Ine., B
New: "fork, op 15-22; 1950

2/ MeNmm, J. 8., I{su, =, Iih, c., "Applica.tion of the Relm:ation
Technique in Fluid l&acha.nics,“ '.i.‘ra.nse.ctions ASCE, Volume 120,
pp 650-686, 1955 ¢ , |




This report is a presentztion of the gbove example and includes

the general mathematicel expression, the computer program, solu-
tions fTor two distinet offset ra.tios, and the exper:imental veri-
fication. :
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The luvestigation consisted of two pa.rbs. 'l‘he first df::ut with
the thearetical caese of flow with an ldeal fluid and Zficluded
considerations concerming the derivation of the gemaral mathemetical
expression, methods used to campute the pressure coefficlent and
the reletive velocity at eny polnt, a campuber program to evaluste
the mathe stical expression, and exsmples of flow nets iox two .
discrete offset ratios. The second part compared the theoretical
results with those obtained a@eﬁmentally, using pressu:re coe‘.i.‘
ficlents as the bhasis for ccmpa.rison. Coo

Genera.l Mathtica.l Mression

Witli an ideal fluld, the flow l1s asmmed to be incanpressi'ble and
nonviscous. For purposes of deriving an expression for flow- pa.st
an offset, the flow is also assumed to be steady state’ and. two-
dimensicnal. That is (1) the quantity of flow past & point .~
neither incresses nor decreases with -time, and (2) ‘the o is
‘considered to lie in a plsne with no secondary flow entering or

: 1eaving that plane. .

For purposes of clarlty, the following definitions of standa.rd
terns: concerm!.ng f‘.uw nets are: sumuarized as follcws

v ,,ivl + vzi : o -is a ccm;p"ex number dencr!'ing the
_ Y. veloelty wveetor of a particle of: -
fluid at any point (x,¥y).
X and Yy conponents of velocity
are V (x,y) amd ¥, (x,y),

respectively.

olx,7) . is the VELOCITY Pmmm., and
' : curves of @(x,y) = c are :
FQUIPOTENTIAL ILINES. The functlon
@(x,y) d1s celled the "velocity

‘\,ib‘

‘potential"” because of the relations:

v, = d9/3x s V, = d0fdy

e




Y(x,y) g is the STREAM FUNCTION, and curves
. : - of ﬂx,y)nc are IIREAMLINES.

- F(z) = olx,y) + v(x,¥) is the COMPLEX POTENTIAL OF FLOW
in the 2z plane (real plane)..

F(w) = ¢(u,v) + ¥{u,v¥)  is the COMPLEX POTENTTIAL OF FLOW
’ :Ln the w plane (camplex plane).

A FLOV NET 4is the gra.phical representation of the ccmplex
potentlial of flow.

The subseript o refers to points in the zone of uniform f.l.ow,
ne sub cript denctes points in the region of altered flow.

A detailed derivation of the general expression for the ‘camplex .
potential of flow past a 90° offset jﬂ'n 'be found in most standard -
books on Theoreticel Hydrodynamics. Therefore, only the mosi
important parts of the deriva.tion are included in this report. -

The derivation is 'ba.secl on the Schwmrz-Christoffel '.Era.nsforma.tion
vwhich can be used to transform a source at the origin of a real
plane into flow past an offset in a camplex plene. The following
sketch 11lustrates the transformation in which the x-axis in the
real plane is transformed imto a four-sided polygon in the imginary

~or camplex plene.

////z//m////ib/////mi'////f
| S

Real (2 plare) i i,

Complex (wplane)?

24 s | VL | " mm

2/ Churchill, "Complex Veriables and Applica.tions " HcGra.w Hill,
2nd Edition, 1960

&/ Milne, L. M., Thcmpson, "Theoretit.a.l Hyﬂrodymmics, Mac}ﬁ.lla.n
Company, New Icrk, 1650
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‘l'hrough *Hde use of the transfomtion anpd mowiug the cmplex :
potential Gf flow for e source, “the following two equatlions are
derived , _ :

u+vi=hln(l+s> (h-l-s

o ofv
e
o/v
e

®°(cos /v, +1 sin .rff/vo) - K

®(cos ¥/¥,+1 _sin-ﬂi/vo) -1

These eqlmtions glve the implicit relationship between 'l'.he camplex
potential of flow past an offset and coordinates in the w-plane.
In other words, given velues for /v, amd ¥/v,, a velue of s
can be computed, where & 15 a complex mumber. The value of =5
when substituted into Equation (1) gives ‘the values of U and V,
that correspond’to the assumed velues of /v, amd ¥/v,. These
are essentislly the steps perfomed by the- canputer in evaluating
I'.qzmtionﬂ (l) (2). ) A .

'l'hree i.uporta.nt o‘bsemtiom concerning 'l:.he flcnr, ‘which a.rise
through the detailed derivations, are: (1) at wy the velocity

becomes infinitely large positively, (2) at v, the velocity 1s

zero making w, a stagnation point, and (3) 'l;he total pressure
on the vertical face of the: offset is infinitely large nega.tively
Observetions (1) and (3) clearly imdicate that the flow net camnyt
be used to obtain meaningful results on the offset face nor in 'l'.hk- ‘
imediate viecinlty of the offset corner because resl flulds are '
not physically cepsble of producing these results. However, at -

‘all other points in the flow net, conditions are compatible- with:
possibilities that might occur with the flow of real fluids.

Relative Velocit;[ a.nd Fressure Coefficient

Two methods are given 'bo compute the relative velocity and the '
pressure coefficient. The first m=zthod is approximate and usually
is used when the flow net is knowi’and the mathemetical solution
iz uninown. The second method is exact, but restricted to flow
past & 90° offset. However, simllar expressions can be derived
for other cases in which the mthema.tical expressicon is known




Approximate Method. Let As be the incrementa.l distance between
. equipotential lines, and

An be the incremental distance 'between
stream.Lines.

Through the detailed ueriva.tion 11-. vas found thet

Therefore; since tne velocity is & function of P (frcm the
def:.nition of terms):

Vo), (onfen),.
v,  Be/as), T [&/Ra),

. . C

Teking e “increments of A and Mr (ma.king the flow ne‘t o
"square”) and in addition’ letting the point "a" represent a point:
in the zore of altered flow 4nd. the point "b" represent a refer- -
ence point :I.n the zZone of uniform flow, ylelds: -

: B h _"'\--.x,;
65 -:‘, . . \"J‘\"-\
o An o . Ty,

Yo _Te
vV & o

The pressure coefﬁcienu can be cbtained 'by wr:l.'bing Bernm:lli's
equation batieen two points of 'equal. elevation mnd assuming no
loss of ene:gy 'between the two points. This yields:




Again, with oM " and "'b" as deﬂned abcrve, the pressure coefﬁcien‘b
becanes: :f-"- R,

N Thus, Eg:ations (3) and (&) give the apprmd.ma.te velues of veloc-
- ity and pressure coefficient at.any point with reference toa ' ' .
fixed point. The incremental unlts are teken fram measurements : o
on & flow net. A knowledge of the methematical relations of . = -
Equa.?it):ns (1) ana (2) 8 not needed to solve for Equations (3) _ - .

Ixact gm. 'J‘he :l’o.'_'l.mfing equa.tion 15 d.erived a5 8 part o:E' the _ )
deta.ilet‘l d.erivation- o e :

% ‘”“"‘“( )é M _. )

or

=g 1]
i

Iy

g

This equa.tion ylields the vertica.l and’ horizontal ccmponents of the o
velocity at any polnt with respect to the velocity at ‘the refer-: - e .
_ _ence point, a result which can: only be cruﬂ.ely apprmdmted. in the: - 70 S
e )reﬁms method.. ) ‘ ‘ ‘ L o -/

‘{“-

The resultant relative ve.locity at’ a.ny point cen be aetemned _. .
:&'cm the follcwing equa.tion- ‘ g S -

o

v vl gy R

‘ "'I(g)

where the a'bsolute value sym‘:-ol, ’ |, ‘means thet the square root 'i; S

" of the sum of the squa.res of it reel and imgina.ry pe.rts J.s ‘
taken. s , : - :
T




The expression for the pressure coefficient at any point
derived from Equations %%} and (5). This expression is:

An exemination of Bq_tmtions (3), (63, a.ncl {7) reveals tha.t the
reference point is defined mathenmtically es o point in the region
of uniform flow. For the approximate method, the reference point -
is selected from a flow net in a region where the flow is essen-
tially uniform. Although this polrt can usually be selected to
give any desired degree of accuracy, the fect that a reference
point must be chosen makes the approximate method undesirable i‘or
programing thh an’ electronic cartputer o .

TMM_

"As renticned previously, the baslc ccnnputer program consists of
eopmputing U and V coordinates from given velues of q:-/V T2 and
¥/V,. The relationship between these quantities is given in
Equations (1) and (2). An extension of the program allows the
camputation of the vertical ‘and horizontel components of the
relative velocity, the resultant-velativa veloeity, and tlie pres- .
sure ccefficient at the point for the assumed values of @fV,

and WV These relations yleld informa.tion concerning the"
nature. of the flow in the vieinity of -the offset arxd also permit

a canparison of the theoretical florw pet with _e:q:eri:nen’cal data.

Both positive ‘and pegetive values are’ obtained when' ta.king the
squere root of Equation (2). If both of these values .were sub- -
- stitutzd iato Equation (1), the result would be the flow net for
a rectangulsyr plate located in the center of the comduit.  The
camputer progrem eliminates this problem by using only the posi-
tive root. . ' '

The program, Which was written using FORTRAN, results in two
final parts. These parts are embodied in an Object Deck, which
cortains the necessary coammands to tell the camputer what to do,
and a Date Deck, which cont ns the offset ratio and discrete
values of cp/V and \F/V The Object Deck is applicable to

‘any offset ratio or any mmber of cp/V and ¥/, coubinations.

s/ See Appendix, FORTRAN

8/ see Appendix, Mathematical Steps for Flow Net Ccmr%uta.tion,
Block Dia.grams, FORTRAN Coding Form (Scurce Pr
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The Data Deck contains all the veriations for varicus problems and
mist have the followlng format: _ “

o Enter the offset ratio, h, ina lli--digit ﬂoating poirrl:.
- £ield ,

Foter the nuber of data ;points o (/V, and v/v _ _
conbinations) :Ln ES 5—digi1: fixed point Tigld . . o R

Enter the data ‘points, @/V, first and ¥/V_ second, ' -
each in a lh-digit floe.ting point field. _ e

. The Pata Deck can be made frcxn two parts, one part containing
: only the offset ratio, the other pa.rb ‘containing the mmber of
. data points and the 9fV, and ¥/V ' cambinations. In this man- N
‘ ner the same data polmts can be used with many different offset . .
t ratlos. Only the new offset ratio'would then need to be punched. -~
E for different individual solutions. The first part of the Data '
¥ Deck is inserted into the machine as indicated in the Appendix
R under FORTRAN. As soon-as the cmputer ha.s read the offset ratio
the additional data are read. , . ;

The Ffallowling restricr.ions and considera:bions a.pply to the- selec-
+tion of the poesible q;/"." and ‘{f/V canhina.tions for use as

l. ¥/v, varies ‘between zero and ‘%t Therefore, x mus'b be
divided ‘ny an integer in order to [divide the cna,xmel de;pth
into a whole number of equa.l increments.

\'-;)
2. A "squars" flow net w:u.l result from choosing eque.l incre- . . .
ments of @/V, =nd ¥/V,. _‘.‘ ) | . =
3. For the case of W/V = zaro, the following observe.’c.ions _ | ‘ .
concerning tp/V can be made‘ " : :

() If ofV, is less than 1n LS, V. is equal to zerc;:

and values of U will be canplrbed. _

(b) I ofv, 1s eq_uﬂto In 1%, U amd v are both.

equal to zero.

o
.y (¢) If ¢/V, is greater than in 1%, but less than zero,
L U is equal to zerc a.nd. V is grester than zerc, but less
2 than (1.00~1%)." Care must be taken in the selection of
8 o/V,. As” q>/V apvroaches zero, the camputer must work
W:I_.th very l.e.rge mmbers. In.the event the capacity of the
b camputer isiexceeded, erroncous values of V will result. -

—_ .. - R R T R




(@) Ir ¢fv, is Eq_ual to zero, then U i equal to zero
and V is equa.l to (1.00 -h). The pressure coefficlents
and veloclity corponents are infintely large. The computer .
will print cp/V =0, ¥V, = 0, U= o, V = 0, for this case.

Se) It 9/V, 1s greater. than zero, then V 1is eq_ua.l to
1.00-1), and values of Ui can be computed. Care must
also be exercised in chcosing values-of @/V, mnear zero
for the same reason as glven in (3).

The computer program 1s written so that every division 1s tested

to insure that the divisor 1s not equal to zero. In addition, =
the program tests to insure that every logarithm is defined. If

the divisor 1s equal to zero or 1f the logarithm of zero must be
taken, the computer will print out a céded number. This mumber
indlcates the specific reason for the print out &/ The ccmputer
will then select the next two data points and continue the operation.

MQ - i : R '_. ‘:{;;\,;,_:‘=

Th e

Flow. rwts were camputed for the oi‘fset ratios, h'= 0.833, apd

=:0.917 (FMgure 1). These ratios represent a 1/2-inch cf reset
and o 1/4-inch offset into a 3-inch deep stream, respectively.
The 1nfluence of the various offsets can be seen through the
curvature of the cp/Vo = ¢ lines. 'The greater the curvature,
the greater the influence. These nets clearly indicate, without
further computations, that a plezcmeter which was one conduit
depth upstream (@/V, = - ) fram elther of the two offsets would -
be In a region that is essentia:l.ly una?fected by the offset.

Comparison c.; Theoreti'a.'.' Resu...ts 'wit %rimental Resu.'l.ts

In order to esta.bllsh\whether or not a flow net cuuld 'be used to

obtain a quantitative as well as quﬂitatlve resu_ut “tests were ..

conducted in the laboratory with flow past a'90° offset. " An

offset ratio of h = ¢.8333 was chosen for the ccnrpa.rison of _

- theoretical values with those Found experimentally. The pressure
coefficients were used as the basis of comparison (Figure 2A).

The main sources of discrepancy that might be expected between
" the experimental and theoretical Tesults would be (1) assumptions
mede in the original derivation, (2) assumptions made in comput-
ing the pressure coefficient, (3).plezometers not giving the
true statlic pressure for conditlons of incipient cavi‘bation.gj

z/ See Appendix Coded Number interpretation

8/Datly, J. W., Lin, J: D., Broughton, R. 5., “Turbulence and
Static Pressure in Relation 1o Inception of Ca.v::ba.tion," "IAHR
9th Ccnvention. "* * * The measured pressures in the main flow
'begond the bcru.nd.a.ry layer are lower than at the wall. ¥ * * "
19 1




An examination of the magnitudes of the discrepancies revezled
that the energy loss due to the sudden contraction would result
in the largest discrepancy.between the two methods (excluding
pressure coefflcients on the vertical face of the offset and the
channel floor immediately downstream from the offset). Experi-
ments by Weisbach indicate that the magnitude of the losses due
to the contraction is approximately 0.045 (v°/2g).2/ Howeyer,
tests in the cavitation study indicate a value of 0.080 (v°/2g)
(Figure 2B). The difference between the theoretically determined
pressure coefficient and that obtalned through experiment can be
obtalned from the experimental loss coefficient curve (gig-u:re EA)
The magnitude of this difference is given by AC, = X/n

should bte noted that this is the maxjmmm discrepancy tha.t is to
be expected for pressure coefficients cn the channel roof.

Immedistely upstream from the face of the offset a vortex was
observed. This vortex indicates that separation of the flow from
the channel flcor exists upstream fram the offset. 'This separa-~
ticn and its accompanying loss of energy are the main reason for -
the difference between the theoreticel curve and the experimental
curve in the region upstream frem the offset (Figure 2A). For
the ratio, h = 0.833, the magnitude of this loss becomes negli-
gible upstream from the offset at a distance of 0.3 t:l.mes uhe

- conduit depth.

A spot check of theoretical pressure coefficients as compared to
the experimentally determined values indicated that qualitative
results could be obtalned in the vicinity of the offset. However,
due to the fact that separation also occurs at the cormer of the
offset, 1 good correlation is not possible for points on the\\con-
~duit floor 11mnedia.te1y downstream from the offset.

2/Rouse, E., Ibid, p 41k, the "* * * data is based upon contraction
coefficients given by Welsbach for free rather than submerged -

efflux; the resulting vaiues must hence be rega.rded as rough
approximations. "

See Appendix, Derivation of Pressure Coefficlent Discrepancy
; _ 11 _
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FORTRANE/

An electronic camputer is & very useful and high-speed tool, but
one that 1s capable of performing only relatively simple steps .
and must be told when to perform each step. The process of -
separating & problem into the ma.mr simple steps that the camputer.
can perform is called programing- -

Several developments are available which considerably ‘shorten end

simplify the programing process. Ia one of these developments,
called FORTRAN (FORmula TRAKslation), the camputer assists in
writing the program. With FORTRAN, the englineer needs only to
express his problem in 2 series of staterents or formulas. The™
camputer translates these into a langvege that the computer can
understa.nd. through the use of several secondary programs or
"campilers." The engineer's statements consist of arithmetic
operations, calls for Imput or output, commands to designate the
sequence in which the statements are to be perxformed, and state-
ments which provide information but cause no sction. The combi-
nation of this series of statements 1s called the FORTRAN program.
This program and the campilers are the only tools needed to suc-
ceasfully program a problem with the FORTRAN system.

In generanl, a program is solved along the following lines.w
The FORTRAN program is punched onto & paper tape or cards by
means of & flexowriter or card punching machine. The resulting
tape or card deck 1s called the source program tape or card
deck. Before utilizing the source progrem, another program
called the FORTRAN campiler is read into the camputer. Under
control of the FORTRAN campiler program, the computer reads the
source program and itranslates it into machine instructions and
yunches these instructions on cards or tape. The program which
the machine punches is known as the object program. The object
program with any necessary date is then read into the cmputer
and the program 1s executed and results are typed out or punched
on paper tepe or cards. In the case of punched cutput, the tape
or cards may be inserted into equipment which will transla.te the
punches into typed output.

Matkematical Steps for Flow Net Camputatlon

The two basic equations which are evaluated in order to obtein
the flow net are; - ‘

1/ McCracken, D. D., "'—‘x Gm.de to- Fortra.n Progra.mirg ," John Uiley
ard Sons; Inc., TNew York, 1961

Punched peper tape and punched. ca.rds a.re two comon method.s '
that are used for the inmput and output of data. from en- electronic
digita.l computer. :

15
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w+ivews=hin(l+s) - hin(l-5) - In(h+s) + 1n(H- s)

° g1n ¥/v,)
Sin ’#/V o) ..

(e ° cos vﬁo-ﬁé) + 1(ew_'v

CTAY /¥
(¢ °cos ¥/v, -1) +ile °

These equations were broken dmm into the following simpler steps
for programing with an electronic computer:

on,
e ° cosllrfvo - =8

ofv, -
e siny/V =D

o, L
‘e"ocos_v/vo-1=9.+h2—1=c

Then Equation (2) becames

. . c

D +e b+c

A complex nm:ber may - alsr: be written in the i’orm
s2 = r(cos p+1 sin 0)
Taking the squa.re root gives,
J'r(cos of2 + 1 5tn of2) |
vhere '

b + e i

Ce

Equation (1) may now be evaluated by us:lng Equation (5) in the
:E'ollowing manner:

I

[OREE

()

G

(3e) :

)




1445 co; o/f2=a; 1-+reosef2=1; Ih +Ji-'-cos"e/a =¢
-Jr cos 8f2 = p; r sin e/é = si |
B 1a(1+5) = b 1a(a+ (1)%). + 1(n tan™ s1/a) 5
h ln(].:-'s) a.h'.' ln(m)‘ - i(n tan"l s1/%) ;
| 1;1(h+ s):;?_ ln(m) + 1(tan™ ..Si./_g-)z_;" o
1n(h - s) g}}n(m) - 1(tan™ si/p)

Thus

U=[n M(Jd?j:f (1)) - 5"‘1n(4_f?+_(si)2) o
- (e + (s2)7) + mWpT+ (0P v

V e+ [htan ™t s'}:/a-:-h tan™t si/f - tan™ sifg.
- tan" sii’p]'ifs

The vertlcal and horizonta.l cunpcwnents of velocity sre canpu'bed
as fgllows: . %

v,_/VO = horizontal t‘%unponent "'-VZIV o = vertical cdnpdhent" | (6)

i g




D

Vo  Jrsinefe _si

2T = 2 -

@

c The reaultant veloc:lty is simply the vector sum of +the 't:wo
-veloclty canponents. :

Iet V_/V, = resultent velocity

.l

| | Then v,/vo =V, /v, )2+(v/v )2 ,..j}/h

‘\. The pressure. coefficient is ccmp‘trbed fron the rela.tionship _. _

kil T
3 It o

ls!:r
Tpen

'f:pnl—i-/hz,

18




PROGRAM FOR S T .
FLOW NET FOR 90 DEGREE OFFSETS _ o . /02763

1 FORMAT {]5)
3. FORMAT [8F14.6) )
LO4OFCRMAT {112H PHI o
1v VVEL hVEL
108 FORMAT | 1HLl, 5X; 3H H=, F1l0Q.5)
READ DATA .
107 READ INPUT TAPE 5, 3, H
WRITE OUTPUT TAPE b4y 108, K
READ INPUT TAPE.5, 1, N
WRITE QUTPUT TAPE by 104
00 45 3 = t, N i
READ INPUT TAPE 5, 3, PHI, PSI
TEST PHI AND P51
EXPIL = EXPF (PHI)®
HSQ = H#H
TEST -= EXPl = HSQ
HTEST = EXPI] ~1l.0
If {PSI) 21, 17, 21
IF {(TEST} 21, 18, 19
U = 0.0
¥ = 0.0
VYVEL 0.0
HVEL 0.0
RYEL 0.0
CPr =-1.0
GD IO 42
[F (HTEST) 21, 20, 21
L] 0.0
v L.0 - H
GO TO 44
COMPUTATION OF S REAL AND 'S 1MAGINARY
A EXPL = COSF (PSI) - HSQ
8 EXP] = SINF (PS]I)
C = A + HSQ - 1.0
XK' = As(C + fsB
- ¥YY = Be(C~A) :
o R o= SQRTFIXXsXX + YVuVYl f-(Bsh + CGCI
° RP = SQRTF (R}
CALL ANGLE (XX, ¥Y¥, THETA)
HTHETA = THETA / 2.0 -,
SR = RR # COSF (HTHETA)
Siue RA“s SINF [HTMETA}
COMPGTATION. OF U AND v CODRDINATES
D 1.0 + SR .
F = 1.0 ="SR
G H + SR =
P H - SR =
TF (D) 24, 23, 24, o
WRITE OUTPUT TAPE 5y 100
FORMAT [30H THE VALUE. 1.0 iy 5 EOUALS ‘LERDY)
GO TO &3 -




25

28
27

28
29

30
A
32
13
EL

35
36

37

FLOW NET FOR 90 DEGREE QFFSETS

IF (F) 2064 25, 26 :

WRITE DUTPUT TAPE 6, 101 :

FORMAT {28H THE VALUE 1.0-S5 EQUALS IERD)
GO TD 43 .

IF {G) 24, 27, 28 .

WRITE DUTPUT TAPE &, 102 -

FORMAT {2HH THE VALUS H + § EQUALS IERD)
GD TOD 43

IF (P} %0, 29: 30

‘WRITE QUTPUT TAPE 6, .103

FORMAT {26H THE VALUE H-S EQUALS ZERD)
GD TO 43

1F (¥Y} 33, 31, 39

IF (PSI) 34, 32, 36

IF {(TEST) 35, 18, 33

IF IHTEST) 36, 20, 37

V= 1.0

GD TO 38

vV = G.0

GO 1D 38

U = 0.0

GD TO 40

Vv = 1.0 = H

3BOU =(HaLOGF(4BSF(D)} ~ HILOGFtABSFlFlJ - LCGFIABSF(GJ} + LDGF(ABSF

39

%2

43

105

44

" .10&6OFDRMAT {S5X, 5H PHI=, Fl4,6, 5X, 5H P5I=, Fl4.6, 5X, 3H U=)'Fl#;6._

4%

1 (P))) /7 3.1415926

G0 .TO 41

Ul = HeLOGF(SORTF{DsD + STeSII3

U2 = HeLOGF{SURTFIFeF + STeSI)).

U3 = LOGF{SORTF(GeG + SI+SI)} °

4 = LOGFISQRTF{PeP + SIaSI))

U = (UL - U2 - U3+ U4d /301415526

CALL ANGLE {Cs S1, ALPHA}

CALL ANGLE {Fy, Si, BETA)

CALL ANGLE (Gy Sly GAMMA)

CALL ANGLE (P, S1,.DELTA)

vV = {Ha{ALPHA + BETA) - GAFMA -~ DELIAJ 154 3 14[5926
CDHPU?ATIUN OF VERTICAL AND HOR[IDNTAL UELDC]TV COMPONENTS
HYEL ‘= SR/H

YYEL = {-Si/H)

COMPUTATION OF THE RESULTANT VELOCITY

RVEL = RR /7 H

COMPUTATION OF THE ‘PRESSURE CUEFFIC]ENT

CP = 1.0 - R 7 HSQ

WRITE :OUTPUT TAPE &, 3, PHI, PSl,y U, V, VVEL, HVELs HVEL, LP
GO TO 45 : : ‘ S
"WRITE -OUTPUT TAPE &6y LD5, PHI, P51 . T
FORMAT | 5X, 'SH PHI=, Fl4.6, 10X, 5H PSls, Fla.s)

60 TQ. 45

WRITE DUTPUT TAPE 64 106y PHIs PSI. Uy ¥V

15X, 3H V=, Flé.5)
CONT INUE

1/02/63

72
73

L

T8
76
77
78
.79
80
81
a2
B3
A4
BS
86
87 .
88
B9
90
91
92
93
94
195
96 |




FLOW NET FOR 90 DEG?;EE OFF SETS : -Tre2/63

GO 'TO 107 : ' . Lo 124
ENO{1,0,0,0,0,0,1,05;0,0,0,0,0,0,0} :




PLACEMENT OF ANGLES IN PROPER QUADRANT

SUBROUTINE ANGLE (. Xy ¥y RHD H
IF {X) & 10, 14

IF (Y} Ty 8, 9
-RHO = ATANF (¥/X} — 3.1415926
RETURN

HHO = {~-3.1415924)

RETURN

RHO = ATANF (Y/X) + 3. 1415926
RETURN .

IF (Y) 11, 12, 13 )

RHO = [~1.5707963)

RETURN

RHY = 0,0

RETURN

RHO = 1,.5707963

RETURN

IF (YY) 15y 12 15

RHO = ATANF (¥/X)

RETURN
END(lsciD:OcOQPIO'0.0.0'0,0|U'U|0’

1/02/63

-
8
3
10
11
12
13
14
15
RN ¥ . R
17
18
19
20
21
22
23
24
25 -




Coded Mumber Interpretation . = o s

These pause mmbers ere used to let the operator lmcrw"-‘l;hé'-reéSDn'f-_-‘
" a certein value cannot be computed and to allow flexibility in
data insertion. The pause mmbers ihave the following meanings;

."'." _ | Pa-u_se FTamber - ' Meaning

- : 1 . Used in SUERJUIINE ANGLE. In the expression - .
' ‘vho = tan™? ‘y/x, both x and y are equal =~
40 zero. For this case the angle was defined -
es equal to zero. . SRR S

.2 ‘Used. 'in MATN PROGRAM, date input. This 7 o { ,-
oy _ : © number indicates “that the “£first pert of the - S \ .

: ‘date ‘tepe hes been read and that the com- I |
puter 1is ready for the second part of the _ \\

3 _ ‘This mumber and those which follow are all , : L
used in the COMPUTATION OF U AKD V COORDINATES. 1.
— ‘Each pause indicates that a certain quantity , -
- -7is equal to zero. The natural logaritmm of -~ . SN
this quantity is required by the progrem. : -
Since these quantities are equal to zero,

the logarithms are undefined, and ‘the com-

B plex potential of flow cannot be evaluated.
P B _ _ :  “This pause mmber indicates that 1.0 + 5 =:0.

o Indicates that 1.0 - s =0
5 ' ‘Indicaﬁeé that h + 5 =0
6 Indicates that h - & # O __ o ¥
| Derivation of Prassuxe Coefficient ﬁiscw

Fof""-tlfgg ‘case of no J‘.ossk the pressure coefficient is defined as: o ' -k‘iu"_

-] - v - B . . i LS
o .= _—V-'rp' ; =1 ( vo > 5 (S:ae the .“de.1-1;v"a.t.1ﬁ.on. 1n the rePOrt)

With losses, -Bernéull;_‘_s ‘equation becames




pK2 +p-éa*'-+]? mp-é‘l-vp

This ex_pression is for two points of equa.‘l. ele'va.tion. cL =

Let "a" be a point dounstream fram: the offset, a.nd. "o" reﬁresent
a point upstream from the offset in ‘I:he region ot unii’om flow.
Then, 5

. ,vo "_vz _ vz
P-P,ep3 -p3 - fK7F

s '1-‘““’( ) R

-0
92 )

The dii’f.rence ‘between the two values of the pressure coefficient
is equs.l to the preasure coefficierrt: discrepancy, Ac .

ac, = (c.) - . -C .=1l- :(:L+K)_.<'—--.>. - 1+( )2
i - e
From the equation of coﬁtiguitjr,_

QuVoimVoeh

T or

v
.-V-::-f-

Substituting this value of - ‘J‘ irrto qumtion (9) gives the desired.
.rela.tionﬂhip, T _

. TN a K : S | o 10)
: qu's K(ﬁ) ! ;1_5 s e o | (10)
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Y Vs 0, Verih : - 4‘ ey
Go to Write of Find_angle SUBRY UTINE ANGLE -]
xmEL; y=yyi RHO= THETA

end of Mein o — o R
Program R . ( wore Yo, #ve UYL ) . i

l . e . ' ‘ : rtheta = 84 l
-.Refurn toRead [ | ) N - % T
Y7vo ond :¥/vo in o - o -
Muin: Program Lo L sr=refess 841 J

{
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